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C routine counts high bits 

Michael Bishop, Computing Devices, Nepean, ON, Canada 



A simple C routine counts the number of Is in a 16-bit word. 
You can apply the general technique to a word of any length, 
but for purposes of explanation, assume a word length of 8 
bits (Listing 1). If you AND the original word with 01010101 
binary, the 8-bit result consists of four 2-bit words. Each of 
these 2-bit words contains the count of the number of Is in 
the least significant bit of the original word's corresponding 
2-bit field. Now, shift the word right by 1 bit and again AND 
the word with 01010101 binary. The resultant group of 2-bit 
words now contains the count of the number of Is in the 
most significant bit of the corresponding 2-bit field in the 
original word. Adding the results of these two AND opera- 
tions produces four 2-bit words that each contain the count 
of the number of Is in the corresponding 2-bit field of the 
original word. 

Now, use this sum and repeat the above process, except 
AND the sum with 001 1001 1 binary and shift by two instead 
of one. The result is an 8-bit sum of two 4-bit words, where 
each 4-bit word contains the count of the number of Is in 
the corresponding 4-bit field in the original word. Use this 
second sum and repeat the process, except AND with 
00001111 binary and shift by four instead of two. The final 
result, the third 8-bit sum, contains the count of the num- 
ber of Is in the entire 8-bit original word. 

The assembly code for a TMS320C50 DSP (Texas Instru- 
ments, Dallas) counts the number of Is in a 16-bit word, 
assuming that the original 16-bit word is in the ACC accu- 
mulator at the start (Listing 2). The code stores the final 



Listing 1 — C routine for counting Is 



Listing 2—TMS320C50 code 

FOR COUNTING 1 S 
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int 

CountOnes (int word) 



int count ; 



count 
count 
count 
count 



(word & 0x5555) 

(count & 0x3333) 

(count & OxOFOF) 

(count & OxOOFF) 



*■ ( (word >> 

+ ( (count 

+ ( (count » 

+■ ( (count 
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& 0x3 3 33) 
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& OxOOFF) 



return (count) 



count back in the ACC accumulator. This code requires two 
clock cycles per bit, or 32 clock cycles to count the number 
of Is in a 16-bit word. 

The assembly code for the ADSP-2106x SHARC DSP (Ana- 
log Devices, Norwood, MA) counts the number of Is in a 32- 
bit word, assuming that the original 32-bit word is in R2 at 
the start (Listing 3). The code stores the result back in R2 at 
the end. This code requires 25 clock cycles to count the num- 
ber of Is in a 32-bit word, which is about 0.78 clock cycles 
per bit. 

The software listings are available for downloading from 
EDN's Web site, www.ednmag.com. At the registered-user 
area, go into the Software Center to download the file from 
DI-SIG, #2132. (DI #2132) MSH 
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Listing 3—ADSP-2106x code 
for counting 1s 


R3 = 


0x55555555; 






R4 = 


LSHIFT R2 BY 


-1; 


/* R4 . R2 >> 1 */ 


R4 = 


R4 AND R3 ; 






R2 - 


R2 AND R3; 






R2 ■ 


R2 + R4; 






R3 = 


0x333 33333 ; 






R4 


LSHIFT R2 BY 


3 ; 


/* R4 = R2 >> 2 *i 


R4 - 


R4 AND R3 ; 






R2 m 


R2 AND R3; 






R2 m 


R2 + R4; 






R3 - 


OxOFOFOFOF; 






R4 


LSHIFT R2 BY 


-4 | 


1* R4 = R2 >> 4 */ 


R4 • 


R4 AND R3 ; 






R2 - 


R2 AND R3; 






R2 = 


R2 + R4; 






R3 - 


OxOOFFOOFF; 






R4 = 


LSHIFT R2 BY 




/* R4 = R2 >> 8 */ 


R4 = 


R4 AND R3 ; 






R2 = 


R2 AND R3 ; 






R2 - 


R2 + R4 ; 






R3 > 


0X0000FFFF; 






R4 - 


LSHIFT R2 BY 


-16; 


/* R4 - R2 » 16 */ 


R4 = 


R4 AND R3 ; 




R2 = 


R2 AMD R3 ; 






R2 = 


R2 + R4 ; 
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Slow op amp makes fast multivibrator 

LUKASZ SUWCZYNSKI, UNIVERSITY OF MINING AND METALLURGY, KRAKOW, POLAND 



A classic one-shot multivibrator using an op amp (Figure la) 
needs a relatively long-duration triggering pulse, even 
though the circuit is in theory a slope-triggered configura- 
tion. This limitation can be a problem when you want to use 
a "spare" op amp from a dual or quad package (LM324, 
LM358, LM6482, or LT101 3, for example) triggered from fast 
logic circuitry. The op amp's limited slew rate (SR) creates the 
problem. A duration in the order of t=V LH /SR is necessary for 
the positive-feedback loop through R, and R 2 to capture the 
output in the high state. (V LH is the op amp's output swing.) 
This value of t is an approximation, because the exact value 
depends on the amplitude of the triggering pulse, its shape, 
and the form of the op amp's output transition. A simple 
modification (Figure lb) of the basic circuit allows you to 
trigger the one-shot with a narrow pulse; for example, 5 nsec. 

The method uses the nonlinear properties and speed of a 
basic emitter follower. When the triggering pulse appears, Q, 
turns on and the low-value capacitor, C v rapidly charges to 
the voltage level V cl =V T -V Bt; , where V T is the amplitude of 
the triggering pulse and V BE is Q,'s base-emitter voltage, 
approximately 0.7V. When the triggering pulse ends, Q l 
turns off and C { slowly discharges through R, and simulta- 
neously charges through R 2 from the linearly increasing volt- 
age from the op amp's output. The circuit acts as a simple 
pulse stretcher, giving some extra time for the other, slower 
parts of the circuit. Q, replaces diode D, in Figure la's basic 
circuit to separate the trigger source from the loading effects 
of capacitor C r The one-shot's pulse width is 



T = R 3 IIR 4 C 2 In 
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Figure 7 
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The voltage on C 2 in Figure 1 b remains relatively constant dur- 
ing the triggering phase; the higher voltage on C, keeps the 
op amp in its high state. 



V TH =V BE + V - ANDV G =V + 



R, 



Rj +R 2 



provided that 



V TH > V " 



R t +R 2 



(2) 



(3) 



Failing the condition of Equation 2, the circuit forms a 
free-running oscillator with an approximate 50% duty cycle. 
The low-value resistor R s may be necessary to ensure that Cj 
discharges faster than C 2 when the R,IIR 2 C, time constant is 
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Replacing a diode (a) with a transistor (b) allows you to use a slow op amp to configure a one-shot multivibrator that works 
with narrow triggering pulses. 
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higher than R 3 llr u C 2 , where t D is the dynamic resistance of 
D r Figure 2 shows the triggering waveforms, V cutJ and 
are the voltages on C, and C 2 , respectively. Calculating the 
precise value of C t entails solving some complicated non- 
linear equations. It's much easier to test the circuit empiri- 
cally with various capacitor values. The circuit in Figure lb 
generates a pulse of approximately 700-|xsec width with a 5- 



nsec, 2V triggering pulse. You can lower the triggering-pulse 
amplitude by approximately 0.7V by using optional resistor 
R B1 to forward-bias Q,'s base-emitter voltage. (DI #2141) 
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Spice 3 models pressure sensors 

Debra Horvitz, Galahad Systems, Laquna Hills, CA 



Figure 1 



Commercially available versions of Spice 3, 
such as IsSpice4 (Intusoft, San Pedro, CA), can 
simulate mixed-domain systems containing 
electrical, mechanical, physical, and mathe- 
matical elements using behavioral models. You 
can use these features to simulate a variety of 
components. For example, the generic subcir- 
cuit in Figure 1 and the corresponding listing 
model the simple linear behavior of a pressure 
transducer. Behavioral sources Bl and B2 set up 
the output-voltage equation. The .SUBCKT call 
line passes the sensitivity (SENS) and zero-pres- 
sure offset-voltage parameters (VOS) into the 
subcircuit. Spice automatically evaluates each 
parameter during each simulation. 

The pressure — in this case, P1-P2 — is an 
input to the subcircuit, as is the supply voltage 
V(6)-V(5). The resistance RIN models the resis- 
tive bridge between the supply voltage and 
load. The sensitivity units are V/V/psi, but you 
can alter these units as long as you maintain a consistent set 
throughout the subcircuit and if you correctly specify the 
input voltage — which is the analog of pressure. The model 
gives the correct response time through the use of the R7, 
CI, and El group of delay elements and the R8, C2, and E2 
group. 

All the generic parameters you need for the model are 
available from a typical data sheet. For example, the SXOl 
pressure sensor (SenSym Inc, Milpitas, CA) has the following 
typical characteristics at 25°C: sensitivity=4 mV/V/psi, zero 
pressure VOS=20 mV, input resistance=4.65 kfi, and output 
resistance=4.65 Ml. Thus, a typical call line to the generic 
model is 

XI 1 2 3 4 DUCER (SENS=4E-3 VOS=-20£-3 
RIN=4.65KROUT = 4.65K} . 

You can use this subcircuit to model differential, gauge, 
and absolute sensor devices. Differential devices measure 
one pressure with respect to another. PI is typically the high- 
pressure input and P2, the low. For the differential trans- 
ducer model in Figure 1, PI should always remain greater 




SUBCKT SX05 4 6 2 1 5 7{SENS=3M TD=0.1M V0S=-20M RIN=4.65K R0UT=4 65K} 
•Connections PI Vs V+ V- Gnd P2 

Rl 6 1 {RIN} 4 R"E4 C' C2 R8 tE4 

R2 3 5 (RIN) I — Wi — i — 1|— tV A 

R3 6 2 {RIN} 

R4 8 5(RIN} £-| ■ I I Vffi) 

R749 1E4 V 1 ' A > 

Bl 28V = {SENSi.(V(10) V(12))< \ - '* 11 

+ (V(6) - V(5)) + {VOS} 
B2 3 1 V = {SENS} «(V(10)- V(12))* 
+ (V(6) ■ V(5)) + {VOS} 
C195(TD/(2.3*1E4)} 
El 5 1095-1 
R87 11 1E4 
C2115{TD/(2 3<1E4)} 
E2 5 1 2 1 1 5 1 
ENDS 



Behavioral-modeling features of Spice 3 allow you to implement a subcir- 
cuit model of a pressure sensor, Bl and B2 are behavioral sources that model 
the transducer's transfer function. 

than P2. Gauge devices measure pressure with respect to an 
ambient pressure. In this case, pressure is measured at one 
input while the other is set at a desired reference pressure. 
Absolute devices measure pressure with respect to an inter- 
nally isolated vacuum chamber. To model these devices, you 
need to remove the P2 pressure terminal and replace it inter- 
nally with a dc voltage source of 0.0005V, which represents 
0.0005 psia. You have to adjust this number if you use dif- 
ferent units. 

You generally operate a pressure sensor in a specific pres- 
sure range, so this subcircuit models only the linear behav- 
ior of a given device. The model does not include nonlin- 
earities associated with the pressure-to-voltage conversion, 
hysteresis, repeatability, and stability. The model does not 
include temperature dependencies, but they are easy to add. 
Also note that there is no limit to the applied pressure. If the 
applied pressure exceeds the maximum-over-pressure rating, 
the transducer model operates as if it were a legal condition. 
(DI #2134) 
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Fax saver cuts wear, tear, and power 

Hugh Adams, Fort Walton Beach, FL 



You can build the circuit in Figure 1 for less than $20 to cut 
wear and tear on your fax machine while saving power. If 
your fax machine has a dedicated phone line, the circuit 
intercepts the incoming ring signal and powers up the fax 
machine in time to receive the fax. It then turns off the fax 
machine after a predetermined time and awaits the next 
incoming fax. A relay in the line-cord circuit of the machine 
provides the turn-on and -off functions. If you build the fax 
saver in a small, plastic, outlet-type box, you can plug the 
fax machine into the box and wire the phone line in paral- 
lel with the machine's phone line. 



The circuit incorporates protection against phone-line 
transients and draws its power from the normal 48V dc on 
the phone line; you thus need to exercise care in relay selec- 
tion. Suitable relays are available at low cost from major dis- 
tributors. The circuit function centers on a long-countdown 
device, IC V whose overall delay depends on the external pas- 
sive components. Q, and Q., require a high V CE rating to 
accommodate transients that can appear on the incoming 
phone line. (DI #2142) 
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Figure 1 
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Put your fax machine to sleep with this easy-to-build circuit that saves wear and tear as well as power. 



Battery charger takes on two roles 

Thomas A Somerville, Motorola SP5, Tempe, AZ 

The NiCd and NiMH battery charger in Figure 1 applies a 
battery fast-charge controller IC in a way that not only pro- 
vides peak-voltage fast-charge termination — as the IC was 
designed to do — but also precisely regulates the charge cur- 
rent. The design also features maximum-temperature back- 
up shutdown. Efficiency exceeds 90% at a V [N of 14V. 

The voltage-to-current switching-regulator loop includes 
a duty-cycle modulator formed by the voltage ramp across 
the inductor's current-sense resistor, R s , and a hysteresis 



comparator normally used for thermistor-sensed cold-tem- 
perature detection. The IC develops the comparator thresh- 
old of 100 mV across a 10-kfi thermistor, which conducts the 
30-|xA reference that the controller IC provides. creates a 
level-shifted ramp voltage at Pin 5. When the comparator 
threshold crosses 100 mV, this ramp voltage causes the com- 
parator to switch off the MTP2955E using an active-low out- 
put at Pin 3. The inductor current decreases linearly during 
the MOSFET off-time until the comparator hysteresis 
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exceeds 48 mV. As the design equations in Figure 1 indicate, 
the proper choice oi L, and R s sets the charging current and 
switching frequency for a particular charger input and out- 
put voltage. 

In addition to performing duty-cycle-controlled current 
regulation, the controller IC momentarily interrupts the 
charging current to perform the A/D conversion. Pin 2 is 
active-low for 33 msec every 1.4 sec. The first 11 msec are 
necessary for the battery voltage to settle; the controller IC 
uses the remaining 22 msec to count VFC pulses for an A/D 
conversion. By interrupting the charging current, the con- 
troller eliminates offsets due to charge-current flow through 
the charger output cable and through the battery's internal 
impedance during the battery-voltage sampling measure- 
ment. This interruption also eliminates noise induced in the 
wiring from the switching magnetic fields. The elimination 
of these error sources, along with the iterating nature of the 
converter, allows a peak-voltage-detector threshold of only 
-4 mV for the voltage at Pin 1. This input is a one-cell equiv- 
alent voltage developed by the one-fifth voltage divider of R, 
and R 4 . 

The threshold of the overtemperature-protection com- 
parator is equal to the voltage at Pin 7. This voltage is equal 
to the 30-|xA current source flowing from this pin times the 
value of R 6 . R 6 should be equal to the parallel combination 



of R ; and the value of the thermistor at the upper tempera- 
ture limit. Because the thermistor voltage sets both the tem- 
perature and the current regulation threshold, the design 
uses R 7 to reduce the temperature sensitivity of the charging 
current to approximately 30% from 25 to 45°C for a typical 
thermistor. You can use a lower value for R 7 if this variation 
is unacceptable, or you can eliminate the thermistor if back- 
up protection is unnecessary. 

The design includes an LED to indicate charge status. 
Blinking indicates regulated current fast charge; continu- 
ously on indicates fast charge has terminated or the battery 
pack is undervoltage (less than lV/cell) or overvoltage 
(greater than 2V/cell), and continuously off indicates a dis- 
connected input. During the state that fast charging is inter- 
rupted, a trickle current equal to (V )N -V LFD -V OUT )/R g flows 
into the battery. 

A lower cost alternative is to replace the MTP2955E with 
a TIP42 pnp power transistor and replace the BS170 with a 
1-kH resistor to ground. This approach reduces efficiency by 
5 to 10% because of the slower switching of the pnp tran- 
sistor as well as the power dissipated in the base-drive resis- 
tor. (DI #2135) 
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Figure 1 
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DESIGN EQUATIONS: 



R 3 =100kX(NO. OF CELLS-1). 

IpEAK= UvEHAGE+t^l/S) . 
Rs=V H YSTERESts/AI=48 mV/il. 

L,=[(Vout+Vo,ode)(V,n-V out )]/(V, n +V DI ooe)(F). 
R 5 =[100 mV+(l PE AKXRs)]/30 M A. 
R 6 =(R>.xR NTC AT T Mflx )/(R 7 +R NTC AT T MAX ). 



R 9=(V|N-VouT-VLEDyiTHICKLE- 

Rntc AT T MAX =4.6 kfi. 
F Mm >20 kHz. 

Iavebage=BATTERY -CHARGE CURRENT. 
AI=ALLOWABLE VARIATION IN CHARGE CURRENT. 



A fast-charge controller IC and surrounding circuitry precisely regulate the charging current, as well as implement 
age fast-charge termination with maximum-temperature backup shutdown. 



peak volt 
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Capacitor model accounts for temperature, bias 

Debra Horvitz, Galahad Systems, Lacuna Hills, CA 



The basic passive components in Spice are all ideal ele- 
ments that include no parasitics, such as capacitor ESR 
and inductor series resistance. Although it is common 
to represent a real capacitor with a combination of ESR, 
equivalent series inductance {ESL), and nominal capac- 
itance (C), a more realistic subcircuit representation of a 
ceramic capacitor takes many more capacitor character- 
istics into account (Figure la). 

This model features an ESR value, RESR. that depends 
on frequency, dc bias, and temperature. The capaci- 
tance, CNOM, depends on dc bias and temperature. The 
parallel resistor, RP, which represents the leakage or 
insulation resistance, is also temperature-dependent. 
RCP and CP create a secondary and parallel resonance 
that represents a capacitance that shunts the RLC ele- 
ments. CP depends on the body and chip size. LX keeps 
the parallel resonance in check and accounts for pad 
and lead inductances. 

The netlist of the .SUBCKT model (ligure lb) incor- 
porates a number of equations for various capacitor 
characteristics (Figure lc). For example, the definition 
of RESR in Figure lb includes Rnom, which is the min- 
imum resistance at the self-resonance frequency. The 
"Fres" variable determines this frequency. The 1.5 factor 
in the frequency term widens the self resonance; that is, 
produces a wider frequency response around the reso- 
nance frequency. A value of 1.5 produces the best fit to 
actual data. 

The model incorporates frequency dependence by 
including the "Freq" term in the resistance expression. 
During an ac analysis, Spice sets the Freq term to the sim- 
ulation frequency. During a transient analysis, Freq is 
equal to 0, which makes the ESR large. The "R=" part is nec- 
essary only when Spice re-evaluates the resistance during the 
simulation. Spice automatically evaluates the expressions 
and variables in braces, 1), before running the simulation. 

Note that in IsSpice4 (Intusoft, San Pedro, CA), the ver- 
sion of Spice this model uses, you can also use a ratio of 
Laplace polynomial expressions. These Laplace blocks have 



Figure 1 




(a) 



O 



RP 

/ (TEMP) 



. RESR 

I f (TEMP, DC, FREQ) 



LESL 



CNOM 

/(TEMP, DC ) 



>RCP 



CP 



.SUBCKT CX7S 4 5 ; X7R Ceramic capacitor model 

RP 1 5 {1000/Cnom! » (5* ( (25-TTest) /100) ) 
RESR 1 3 R = (Rnom) « ( 5* ( (25-TTest ) /100) } * 

+ (li- (10* (Acs (Log({Fres)/ (Freq+lu) ) ) -1.5) * { (1 - ( Vbias » . 2/Vnora) ) } )) 

* Esr Rnom * Temperature term * (14- (Frequency term * Bias term)) 
CNOM 6 5 (Cnom * (1- (Vbias*0 . 2/Vnom) ) * 1- ( ( ( (TTest -30) /S5 ) "2) * .12)} 

* c - Cnora * Bias term * Temperature term 

RCP 1 2 (1000 » Rnom) ; typical parallel resonant RC, 3 1000 * Rnom 
CP 2 S ip ,■ set to achieve secondary parallel resonance 
LESL 3 5 2nH ; typical effective series inductance 
LX 4 1 . Ink ; typical external inductance 

RX 4 1 ISO ; RX+RCP should approach impedance of free space, 377 onus). 
, ENDS 



(b) 

SELF-RESONANCE FREQUENCY: 
ESR/CAP DC-BIAS VARIATION: 
ESR(Rnom) FREQUENCY VARIATION: 
ESR TEMPERATURE VARIATION: 
C TEMPERATURE VARIATION: 
(c) 



Fres=1/(2ir*\/ESL*Cnom) 
nom*(1-(VtesWnom)"0.2) 
Rnom*(1 +1 0* (llog<Fres/Freq)l-1 .5)) 
Rnom*5*((25-Ttest)/100> 
Cnom*(1-((Ttest-30V85)'*2'0.12) 



A complete Spice capacitor model (a) includes elements that 
depends on frequency, dc bias, and temperature. The correspond- 
ing .SUBCKT listing (b) incorporates various equations (c) that 
govern the model's operation. 



both an ac and a transient response and are useful for deriv- 
ing virtually any linear transfer function of s. 

TTest is the temperature of the capacitor, which you can 
set using the keyword TEMP (using a "= .Options Temp 
value" statement) in the main Spice netlist. Vbias is the dc 
bias of the capacitor. Vnom is the voltage at which the 
capacitance drops by 20%. 




(a) 



kHz 



10 
kHz 



100 
kHz 



1 10 100 1 10 
MHz MHz MHz GHz GHz 
FREQUENCY 



Figure 2 



■ SUBCKT CX7R1206 4 
RP 1 5 R ■ 4 . 54 5SG 

RESR 1 3 R - .067} * { 5 A ( 1 2 5 -TTes t ) /100) 
+ (1+ (10* (Abs(Log (6.3SMEG/ (Freq-clu) ) ) -1 . 
CNOM 6 5 C > . lu » { (1- (vbias'0.2/30) ) } 
RCP 1 2 67.0 
CP 2 5 8.4p 



X7R 1206 0.22uF ceramic capacitor model 
" ( (25-TTcst) AOD) ) 



{ (1- (Vbias*0.2/30) ) )) ) 
- I i i (TTest-30) /B5) "2) • 



12) } 



LESL 3 



.ENDS 



6 2.83nH 
.InH 



The simulation of a 0.22-|xF ceramic capacitor shows the impedance variation with frequency (a). In the corresponding .SUB- 
CKT listing (b), the Fres variable is 638 MHz and Vnom is 30. 
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Figure 2a and the corresponding netlist (Figure 2b) show 
the simulation of a 0.22-p.f ceramic capacitor (X7R 1206) 
with a Fres variable of 6.38 MHz and a Vnom of 30. Kefcr- 
ence 1 provides further derivation of and reasoning behind 
the equations in Figure 2. It also provides equations for NPO, 
COG, and Y5 V capacitor families. You can download the list- 
ings for this idea from EDN's. Web site, www.ednmaE.com. 
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Pulsed sensor extends battery life 

Terry Millward, Maxim Integrated Products, Reading, UK 



Activating the sensor circuit in Figure 1 for 1 sec every 30 
minutes lowers its 20-mA supply current to an average of 70 
fj-A. For a battery comprising three AA Duracells, this pulsed 
operation extends the battery's life to several years. The sen- 
sor uses an optocoupler and an IR-emitting diode. Designed 
to monitor the level of salt crystals in a water softener, the 
sensor relies on a reflection from the crystals to generate a 
"no-alarm" level of emitter current in the Q, phototransis- 
tor. As the salt level drops past the sensor's position, this cur- 
rent level makes a step-change downward. 

When the drop across R 7 equals the reference voltage in 
the comparator/reference device, I< ^, comparator lC,„'s out- 
put switches high and releases the manual reset on the volt- 
age monitor, IC r After a minimum reset-delay interval of 
140 msec, turns on and sounds the buzzer. Comparator 
IC, A monitors the battery voltage via R l and R 7 ; for levels 
above 3V, the comparator activates the IR-emitting diode, 
D v by turning on the constant-current sink comprising Q 2 
and associated components. Thus, the buzzer sounds for 1 



sec every 30 minutes if the battery voltage is below 3V or if 
the salt level is low. 

Power for the sensor is available only when Q t turns on. 
IC,, a |j.P supervisor configured as a timebase generator, con- 
trols Q r ICj consumes less power and has a smaller footprint 
than the alternative 5556 timer or a 555 timer with multi- 
stage counters. IC, also eliminates the large capacitors oth- 
erwise required. Connected directly across the battery, IC, 
draws 60 jxA at 3V. IC,'s external connections cause its inter- 
nal watchdog timer to cycle repeatedly. With C 2 =1.5 (xF, the 
internal time-out is 3.6 sec; connecting WDS high multiplies 
this value by 500, extending it to 30 minutes. Each time-out 
produces a reset pulse that applies power to the remaining 
circuitry by turning on Q, for approximately 1 sec. From 
IC/s data sheet, t RES1 . T =2.67C,=1.25 sec, and t WATCH00( . 
= 2.67C 2 X 500=30 minutes. (DI #2139) 
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Powered by three AA cells, this optoelectronic sensor has a battery life of several years. 
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